Abstract. Ovarian cancer is the eighth most common cancer and the seventh highest cause of cancer-associated mortality in women worldwide. It is the second highest cause of mortality among female reproductive malignancies. The current standard first-line treatment for advanced ovarian cancer includes a combination of surgical debulking and standard systemic platinum-based chemotherapy with carboplatin and paclitaxel. Although a deeper understanding of this disease has been attained, relapse occurs in 70% of patients 18 months subsequent to the first-line treatment. Therefore, it is crucial to develop a novel drug that effectively affects ovarian cancer, particularly tumors that are resistant to current chemotherapy.
Introduction
Ovarian cancer is the eighth most common cancer and the seventh leading cause of cancer-associated mortality in women worldwide. It is the second highest cause of mortality among female reproductive malignancies and accounts for 140,200 mortalities each year. The estimated incidence and number of mortalities in the USA from ovarian cancer is 21,980 cases and 14,270 mortalities, respectively, for 2014 (1, 2) . Ovarian cancer is the fourth most common malignancy in women and is the leading cause of gynecological cancer-associated mortality. Poland is one of the countries with high morbidity rates for ovarian carcinoma. Epidemiological data show steady rise of ovarian cancer incidence. Due to late-onset symptoms, ovarian cancer is mainly diagnosed in an advanced stage. In total, 60-70% of patients present with stage III or IV disease and are therefore associated with poor survival. The International Federation of Gynecology and Obstetrics (FIGO) staging classification in ovarian cancer has an independent prognostic role. The major role of the staging system is not only to provide universal terminology that may be used in different oncological hospitals worldwide, but it also informs us about the prognosis and outcome prediction subsequent to specific treatment. The majority of ovarian cancer patients are diagnosed with late-stage disease as the asymptomatic progression is poorly understood, and an efficient screening strategy is not presently available (3) (4) (5) . The current standard first-line treatment for advanced ovarian cancer includes a combination of surgical debunking and standard systemic platinum-based chemotherapy with carboplatin and paclitaxel (6, 7) . This standard treatment results in >80% response rates and 40-60% complete responses; however, the majority of patients with advanced disease (stages III-IV) will eventually relapse, even with initial disease response. Improvement in survival has also been poor in ovarian cancer. Gene expression-based tools for the prediction of patient prognosis subsequent to surgery or chemotherapy are currently available for certain cancers. The prediction of cancer prognosis using molecular signatures is a popular research field, within which a wide variety of approaches have been considered (7) . Popular RNA or protein expression measurement techniques include cDNA hybridization microarrays, end-point and quantitative reverse transcription polymerase chain reaction (PCR), and immunohistochemistry approaches (8) . Although a deeper understanding of this disease has been attained, relapse continues to occur in 70% of patients 18 months following the first-line treatment. Therefore, it is crucial to develop a novel drug that effectively impacts on ovarian cancer, particularly one that is resistant to current chemotherapy. The 5-year survival rate of ovarian cancer patients with stage I is 92%. However, patients diagnosed in the late stage have poor prognosis, with a 5-year survival rate of only 19% for stage IV patients. The median progression-free survival time ranges between 16 and 21 months, and the median overall survival time ranges between 24 and 60 months (9, 10) . Subsequent to repeated cycles of chemotherapy, recurrent ovarian cancer eventually develops resistance to numerous available cytotoxic agents. As a result, studies into the mechanisms of drug-resistance, biomarkers for drug resistance, and the development of new-targeted therapies have been the subject of numerous ovarian cancer studies (11) . Although patients receiving standard therapy, including surgical cytoreduction and platinum-based combination chemotherapies, may have an initial favorable response, the majority of patients experience relapse within 5 years (12) . Consequently, there is an urgent requirement for novel treatments for this deadly disease.
The aim of the present study was to identify genes of which the expression may be used to predict survival time or prognosis in ovarian cancer patients treated witch chemotherapy. As aforementioned, the presence of resistance to the chemotherapy agent administered dramatically affects the survival of a patient. It is therefore reasonable to expect the gene signatures identified to include genes responsible for chemoresistance, which will affect the mechanism of action of the drug. Gene or protein expression is an important issue of chemoresistance and survival prediction in ovarian cancer. The concept of identifying gene signatures is popular, but requires careful handling to extract the information required for this to be successful. There are certain previous studies that investigated the differing response of different types of ovarian cancer to chemotherapy (13) . Identification of biomarkers that can reliably predict drug sensitivity and resistance is extremely important.
Materials and methods
In the present study, the research group consisted of patients treated at the Surgical Clinic of the Gynecology and Obstetrics Gynecological Clinical Hospital, Poznan University of Medical Sciences (Poznan, Poland) between May 2006 and November 2014. Of the 2,000 patients, four who suffered from ovarian serum carcinoma were chosen. Additional eligibility criteria were a similar severity (FIGO stage IIIC) at the time of diagnosis, treatment undertaken in accordance with the same schedule, and an extremely good response to treatment or a lack of response to treatment. Finally, two patients who had an exceptionally good response to treatment and two patients who did not respond to treatment were selected. A detailed description of the therapeutic effects of the patients enrolled in the present study is subsequently reported. Informed consent was obtained from all patients, and ethical approval was provided by the Bioethics Committee of Poznan University of Medical Sciences.
The tissue samples were collected from neoplastic lesions removed during surgery prior to starting drug therapy. The tissues were stored in paraffin blocks.
Case reports Case 1. Patient 1 (48 years of age) was classified as having a good response to treatment. The patient was referred from a gynecological ward of Gniezno County Hospital (Gniezo, Poland) in October 2007 with a suspected neoplastic process that extended from the ovary, for treatment at the. Surgical Gynecology Clinic of the Gynecological and Obstetrics Clinical Hospital (Poznan, Poland). On admission, vaginal and transabdominal ultrasounds were performed, which showed conglomerate tumors occupying the pelvis. This ovarian tumor had the following dimensions, 7x8 and 6x5.9 cm infiltrated the large intestine (descending colon and anus) and bladder. The level of the marker cancer antigen (CA) 125 was 207 IU/ml in the blood (normal reference values are <35 IU ml). Subsequent to preparation, partial excision of the pelvic tumor, with reconstruction of the walls of the bladder and anastomosis of the proximal descending colon and the rectum was performed. Unfortunately, due to infiltration of the tumor into the left iliac vessels, the whole tumor was not removed Subsequent to a period of recuperation in November 2007, treatment was commenced with first-line chemotherapy, consisting of paclitaxel and cisplatin (intravenous infusion of paclitaxel 175 mg/m 2 and 75 mg/m 2 cisplatin per cycle lasting 3 h with 3 weeks break between chemotherapy cycles) which lasted continuously until February 2008. At the start of this stage of treatment, a lesion in the vicinity of the left iliac vessels were visible on transvaginal ultrasound, 1.0x0.7 cm in size, while the CA125 level was 50 IU/ml in the blood. Subsequent to a cycle of paclitaxel and cisplatin chemotherapy (intravenous infusion of paclitaxel 175 mg/m 2 and 75 mg/m 2 cisplatin per cycle lasting 3 h with 3 weeks break between chemotherapy cycles.), this lesion was invisible and the CA125 level was 13 IU/ml in the blood. At a follow-up in late April 2008, ultrasound examinations found recurrence in the vicinity of the left iliac vessels, with a dimension of 4x4x5 cm and the patient was admitted to the oncology clinic of the Gynecology and Obstetrics Gynecological Clinical Hospital (Poznan, Poland). It was decided to perform surgery to remove the lesion. Considering the high infiltration of the left iliac vessels and subsequent to consultation with a vascular surgeon, the lesion was not entirely removed, leaving a fragment of a tumor measuring 0.5x0.5 cm around the left common iliac artery. The next stage of treatment was second-line chemotherapy consisting of cyclophosphamide and cisplatin (intravenous infusion of cyclophosphamide 750 mg/m 2 and 75 mg/m 2 cisplatin per cycle lasting 3 h with 3 weeks break between chemotherapy cycles, which started at the end of May 2008. However, subsequent to 2 cycles of chemotherapy, the patient had a strong anaphylactic reaction to the chemotherapy, which resulted in a change to topotecan (to 1.5 mg/m 2 for 5 days every 3 weeks). The level of CA125 (7 IU/ml) in the blood had decreased to 3 IU/ml at the end of therapy, the baseline was following completion of the topotecan treatment. Chemotherapy was completed in late October/November 2008, with the ultrasound also revealing no pelvic lesions; it was decided to continue treatment on an outpatient basis, with one follow-up every 3 weeks. During a follow-up in late December 2008, a recurrence 7x5x5 cm in size was observed around the left iliac vessels. In addition, the patient experienced deterioration in general condition, including a lack of appetite, weakness and weight loss (12 kg within 7 weeks). At the request of the patient, further treatment was not commenced, and it was decided in consultation with the patient for palliative care to be administered at their place of residence. The patient succumbed in mid-January 2009. At the request of the family, no autopsy was performed.
Case 2. Patient 2 (50 years of age) was classified as having a good response to treatment. The patient presented to the gynecological clinic of the local hospital in Kościan (Kościan County Hospital) in February 2009 subsequent to the accidental detection of a polycystic solid tumor in the pelvic cavity, posterior to the uterus, during abdominal ultrasound. The patient was urgently admitted to the Surgical Gynecology Clinic of the Gynecological and Obstetrics Clinical Hospital in March 2009 and a transvaginal ultrasonography revealed a tumor 9x5x5 cm in size that was in contact with the ascending colon and bladder. The patient reported a history of partial hysterectomy in July 2007. The CA125 level in the blood was 175 IU/ml. Subsequent to preparation, surgery was performed to remove the lesions originating from the right ovary, with the macroscopically unchanged left ovary. Following a period of recovery, first-line chemotherapy consisting of paclitaxel and carboplatin (6 cycles intravenous infusion of paclitaxel, 175 mg/m 2 lasting 3 h, followed by 400 mg/m 2 carboplatin per cycle, with 3 weeks between cycles.) was commenced in mid-April 2009. Throughout the administration of chemotherapy, there were no lesions in the pelvic cavity and the level of the marker CA125 in the blood dropped between 40 IU/ml at the start of chemotherapy and 13 IU/ml at its completion. In the period between September 2009 and February 2013, the patient was admitted to the Surgical Gynecology Clinic of the Gynecological and Obstetrics Clinical Hospital. In March 2013 during a routine follow-up, a pelvic lesion 7x10x5 cm in size was identified in the right ovary. The patient was admitted to the clinic in order to perform surgery to remove the lesion. The CA125 level was 51 IU/ml. Underwent radical changes and the removal of deciding to start at the beginning of March 2013 chemotherapy (3 cycles of intravenous infusion of paclitaxel 175 mg/m 2 and carboplatin 400 mg/m 2 per cycle lasting 3 h with 3 weeks break between chemotherapy cycles). During the third course of chemotherapy, the patient developed an adverse reaction to carboplatin (palmar-plantar erythrodysesthesia) that resulted in carboplatin being replaced by cisplatin (3 cycles of intravenous infusion of 75 mg/m 2 cisplatin per cycle; 3 weeks break between chemotherapy cycles). Chemotherapy was completed in August 2014, and the patient was referred for follow-up. The last follow-up took place in October 2014. No lesions were detected in the pelvic cavity and the level of CA125 in the blood was 10 IU/ml. The patient succumbed to cardiogenic shock in mid-December 2014. At the request of the family, no autopsy was performed.
Case 3. Patient 3 (49 years of age) was classified as being unresponsive to treatment. In October 2009, the patient was admitted to the Department of Gynecology, Konin district hospital (Konin, Poland) due to a pelvic tumor. On admission to the Surgical Gynecology Clinic of the Gynecological and Obstetrics Clinical Hospital, transvaginal ultrasonography revealed a solid lesion with multiple compartments that filled the entire pelvis, with smaller dimensions totaling 12x10x17 cm. The tumor infiltrated the bladder and bowel. There was no point in time at which the point where the cancer lesion came from could be reached. The level of CA125 in the blood was 156 IU/ml. Subsequent to preparation, non-radical resection of the tumor was performed, including the uterus and ovaries, a fragment of the wall of the bladder and a section of the descending colon. Among the surgically reconstructed section, colon end-to-side colon anastomosis was performed. However, a small residual section infiltrating the jejunum was left. Following a period of recuperation in mid-November 2009, first-line chemotherapy consisting of paclitaxel and carboplatin (6 cycles of intravenous infusion of paclitaxel 175 mg/m 2 and 400 mg/m 2 carboplatin per cycle lasting 3 h with 3 weeks break between chemotherapy cycles) was commenced. During the examination prior to the first treatment cycle, lesions were detected in the pelvis and the blood CA125 level was 21 IU/ml. Following 3 cycles of chemotherapy, pelvic free fluid appeared, and the amount of fluid increased in the following cycle. Prior to the last cycle of (February 2010) chemotherapy, a lesion that involved the bladder wall, 2x2x3 cm in size, was observed during the ultrasound. Due to the poor condition and increasing shortness of breath of the patient, the peritoneal cavity was punctured, and over 3 days, 5 l of fluid were removed. Subsequent to another week of hospitalization and further deterioration in the general condition of the patient, further treatment was not administered at the patient's request, and the patient was discharged. Palliative care was administered between discharge (beginning of April 2010) and early June 2010, when the patient succumbed to ovarian cancer.
Case 4. Patient 4 (49 years of age) was classified as being unresponsive to treatment. In November 2010, the patient was referred to Surgical Gynecology Clinic of the Gynecological and Obstetrics Clinical Hospital by a physician, due to the detection of bilateral ovarian tumors by screening ultrasound. On admission, transvaginal ultrasound was performed, and a solid tumor with central vascularization, measuring 2x1x2 cm, was identified in the left ovary, and a multi-element solid tumor located centrally with peripheral vasculature, measuring 4x3x5 cm, was identified in the right ovary. The level of CA125 in the blood was 410 IU/ml. A radical hysterectomy with removal of the two ovaries, tumors and lymph nodes was performed. Following a period of recovery, first-line chemotherapy consisting of carboplatin and paclitaxel (6 cycles of intravenous infusion of paclitaxel 175 mg/m 2 and 400 mg/m 2 carboplatin per cycle lasting 3 h with 3 weeks break between chemotherapy cycles) was commenced in mid-December 2010. At the starting of chemotherapy, the CA125 level in the blood was 47 IU/ml, and subsequent to the completion of chemotherapy, it was 46 IU/ml. In May 2011, subsequent to finishing the whole course of treatment, the patient was referred to the Surgical Gynecology Clinic of the Gynecological and Obstetrics Clinical Hospital for follow-up. In June 2011, ultrasound examinations observed a lesion 2x2x0.5 cm in size, which gradually widened (between December 2010 and May 2011) to 7x10x6 cm in size. There was also an increase in the level of CA125 in the blood to 211 IU/ml in February 2013. The patient did not agree to the proposed hospitalizations and surgical procedures. In February 2013, a painful lump 2x2 cm in size was observed in the postoperative scar. Subsequent to obtaining consent from the patient to perform the surgery, a localized lesion in the vagina was removed. In addition, a partly invasive bladder recurrence was removed by local resection of the bladder wall, and a tumor located in the subcutaneous tissue, which was identified as metastasis, was also removed. Following a period of recuperation, second-line chemotherapy consisting of paclitaxel and carboplatin (6 cycles of intravenous infusion of paclitaxel 175 mg/m 2 and 400 mg/m 2 carboplatin per cycle lasting 3 h with 3 weeks break between chemotherapy cycles) was commenced in April 2013. Prior to the fourth cycle of chemotherapy, transvaginal ultrasound was performed, and identified a localized bladder lesion 2x1x1 cm in size, which, despite treatment, gradually increased in size over 3 cycles (13 weeks). Subsequent to completion of chemotherapy treatment for the localized lesion (4x4x3 cm above the vagina) and the level of CA125 in the blood increased from the initial 13 IU/ml to 97 IU/ml subsequent to treatment. In April 2014, the patient refused to consent to the subsequent chemotherapy and self-discharged. In December 2014, the patient was presented again to the Surgical Gynecology Clinic of the Gynecological and Obstetrics Clinical Hospital with weight loss and weakness and was immediately admitted for treatment. Subsequent to improvement of blood morphology, renal function and the general condition of the patient, the proposed chemotherapy regimen Caelyx (doxorubicin) (6 cycles of 50 mg/m 2 doxorubicin per cycle, with 3 weeks between chemotherapy cycles) was administered. In total, six cycles of chemotherapy were administered, which did not stop the growth of the localized lesions in the pelvic cavity. At the end of administrations, the dimensions were 7x5x5 cm and CA125 from level had increased from the original 136 IU/ml to 192 IU/ml. In May 2015, chemotherapy was again attempted, with the fourth-line chemotherapy consisting of paclitaxel and carboplatin (6 cycles of intravenous infusion of paclitaxel 175 mg/m 2 and 400 mg/m 2 carboplatin per cycle lasting 3 h with 3 weeks break between chemotherapy cycles), which was stopped after 3 courses due to the absence of treatment effects, and the request of the patient to be discharged and discontinue treatment. During the last follow-up, the lesion was 10x9x8 cm in size and the blood CA125 level was 625 IU/ml. The patient succumbed to ovarian cancer in late November 2015.
Genetic examination. The proceeding of a genetic examination was performed as previously described (14) . Four formalin-fixed paraffin-embedded (FFPE) ovarian carcinoma tissue samples were obtained from the Cancer Pathology Department at Poznan University of Medical Sciences. The FFPE blocks were no older than 5 years.
In order to obtain a high content of cancer cells for DNA extraction, 5-10 sections (5-µm thick) were cut from each paraffin block, and a set of slides was prepared. One slide per patient was then stained routinely with hematoxylin and eosin to identify regions containing a high concentration of cancer cells. Based on this estimation, regions of interest were dissected from the unstained slides. The dissected cells were then put into a 1.5 Eppendorf tube and DNA was extracted using QIAamp DNA FFPE Tissue kit (Qiagen GmbH, Hilden, Germany), according to the manufacturer's protocol. Following the extraction, DNA was inspected using NanoDrop spectrophotometer (NanoDrop; Thermo Fisher Scientific, Inc.) and the Qubit 2.0, Quant-iT™ PicoGreen ® dsDNA Assay kit (Thermo Fisher Scientific, Inc.). A final concentration of 12 ng/µl DNA in Tris-EDTA buffer (10 mM Tris-HCl, 0.1 mM disodium EDTA, pH 8) was than utilized for the OncoScan ® assay (Affymetrix, Inc., Santa Clara, CA, USA). In total, 80 ng of DNA (in 6.6 µl) from each sample were processed. The advantage of the OncoScan assay is possibility of simultaneous identification of copy number alterations, loss of heterozygosity (LOH) and somatic mutations (SMs) in a single experiment. This is possibly due to the use of molecular inversion probe (MIP) technology, and capturing >220,000 small nucleotide polymorphism (SNP) genotypes focused on ~900 cancer locations, distributed across the genome. Another advantage is the ability to identify selected 'hotspot' somatic mutations in nine genes that particularly contribute to the development of various cancers [tumor protein p53, B-Raf proto-oncogene, serine/threonine kinase, KRAS proto-oncogene, GTPase, epidermal growth factor receptor, isocitrate dehydrogenase 1, isocitrate dehydrogenase 2, phosphatase and tensin homolog, phosphoinositide-3-kinase catalytic subunit α (PIK3CA) and NRAS proto-oncogene, GTPase]. The experimental procedure includes several steps. Probes were added to the sample DNA, and allowed to anneal at 58˚C overnight (16-18 h) subsequent to an initial denaturation (95˚C for 5 min). Samples was then split into two separate reactions, and proceeded as follows: dATP (A) and dTTP (T) (A/T) were added to one reaction, and dGTP (G) and dCTP (C) (G/C) were added to the second in order to conduct gap fill.
Unincorporated and non-circularized MIPs, as well as the remains of the genomic template, were removed by treatment with exonucleases (Affymetrix, Inc.). The circular MIPs that were gap-filled by the A/T or G/C nucleotides were cleaved using the HaeIII enzyme, and their linear form was amplified by PCR. Subsequently, the 120-bp PCR product was cut and the smaller (44-bp) fragment containing the specific SNP genotype was subjected for hybridization onto array. Prior to this, samples were mixed with hybridization buffer and injected into the cartridges for 16-18 h at 49˚C and 0.013 x g. Following hybridization, cartridges were removed from the oven, and stained using the GeneChip ® Fluidics Station 450 (Affymetrix, Inc.), according to the manufacturer's protocol. Subsequent to staining and washing, arrays were scanned in GeneChip Scanner 3000 7G (Affymetrix, Inc.) and the fluorescence of clusters was measured in order to generate a DAT file. Cluster intensities values were automatically calculated using built-in algorithm from DAT files by the Affymetrix GeneChip Command Console software, version 4.0 (Affymetrix, Inc.), and a CEL file was created.
Genomic data analysis. CEL files were processed using OncoScan Console software, version 1.1.034 (Affymetrix, Inc.), to recalculate probe intensities into genomic landscape (OSCHP file) as well as a set of QC metrics (MAPD SNPQC and waviness). For each sample, a profile of copy number alterations was created, expressed by numerical values. The LOH profile was created for all samples, assuming a high confidence interval of ≥3 Mbp (ChAS option). The TuScan algorithm was also used for calculation of ploidy (i.e. 0, 66 or 100%). Somatic mutations were evaluated and viewed in the ChAS browser (Affymetrix, Inc.). The reliability of calls for SMs depends on the SNPQC parameter, and therefore it was necessary to obtain ndSNPQC ≥26 ('in-bounds') for all tested samples. The OncoScan assays are able to detect mutations by relying on the signal intensity of designed clusters, which is translated into the mutation score. This algorithm recognizes three basic thresholds for calls, termed 'Undetected' for an absence of SMs, and 'Lower confidence' or 'High confidence' for detected changes. In the present study, the default mutation score thresholds supplied in the software were used.
Results
Genomic studies. Genomic screening using Affymetrix OncoScan arrays resulted in the identification of large genomic rearrangements across all of the cancer tissues. In general, chromosome number changes were detected in all examined tissues. Ploidies were found in three out of four examined samples. Patients 1 and 2 showed incomplete tetraploidy, whereas patient 3 showed incomplete triploidy. Patient 4 showed diploidy, according to the TuScan algorithm, with hypoploidy of chromosomes 13 and 15. The detailed analysis of regions presenting LOH resulted in the detection of 152 LOH segments with a minimum 3 Mbp size (Table I) . These findings are shown in Fig. 1 , and the location of each altered segment was depicted. Subsequently, unique overlapping regions in patients presenting sensitivity for treatment (patients 1 and 2) vs. patients showing resistance (patients 3 and 4) were assessed. For the first cohort, only 5 segments on chromosomes 4, 6, 8, 9 and 16 were identified (Table II; Fig. 2 ). Within those regions, 10 cancer genes were identified using the COSMIC database. For the second cohort, 20 regions on chromosomes 3-5, 7-9, 10, 11, 14-16 and 19 were identified. Within the selected segments, 45 different cancer genes were found (Table III; Fig. 3 ). The identified LOH regions for all patients are presented in Fig. 1 .
The OncoScan arrays enabled the identification of ~100 common somatic mutations (Table IV) . In the present study, only one mutation was identified, in patient 4. The mutation affected the PIK3CA gene and lead to a glutamic acid-lysine substitution (p.E542K, c.1624G>A; Cosmic ID, COSM760). Notably, the mutation was found in cancer tissue that was diploid and was showing only a hypoploidy of acrocentric chromosomes (chromosomes 13, 15, 18 and 22).
Discussion
Ovarian cancer has the highest mortality rate among reproductive cancers and currently ranks as the fifth leading cause of cancer-associated mortalities among women. Despite the improvements achieved in ovarian cancer therapy over previous decades, the overall 5-year survival rate remains <50% (15) . Therefore, novel agents are necessary to improve the outcomes for ovarian cancer patients. In addition, it is important to understand and define the patients that are likely to be sensitive to treatment and have resistant disease. Ovarian cancer is a lethal gynecological disease that is characterized by peritoneal metastasis and increased resistance to conventional chemotherapies (16) . This increased resistance and the ability of the cancer to spread is often attributed to the formation of (17) . Since the presence of metastatic implants is a predictor of poor survival, a better understanding of how spheroids form is critical to improving patient outcome, and may result in the identification of novel therapeutic targets (16) . The most widely used tumor marker in ovarian cancer, often considered the 'gold standard', is CA125, which is elevated in 80% of epithelial ovarian cancers (EOCs) (18) . CA125 is elevated in 50-60% of patients with stage I EOC and 75-90% of patients with advanced stage EOC (19) . The sensitivity of CA125 to identify early stage disease is limited as a screening tool (20) . Reliable clinical evidence demonstrates that human epididymis protein (HE4), used alone or in combination with CA125, substantially improves the accuracy of screening and/or disease monitoring (21) . HE4, found primarily in the epithelia of normal genital tissues is elevated in EOC (22) . HE4 has greater specificity in the premenopausal age group than CA125, since it does not appear to be expressed at high levels in benign conditions (23) (24) (25) . The strongest risk factor of developing ovarian cancer is a family history of breast and ovarian cancer. It is known that ~15% of ovarian cancer patients in the Polish population carry mutations in the BRCA1 and BRCA2 genes (26) . A small number of cases are also associated with Lynch syndrome and mutations in hMLH1, hMSH2, hMSH6, PMS1 and PMS2 in mismatch repair genes (27) . Chemotherapy resistance is a common problem faced by patients diagnosed with EOC (28, 29) . Currently there are no specific or sensitive clinical biomarkers that may be implemented to identify chemotherapy resistance and provide insight into prognosis. Resistance of tumors to chemotherapeutic drugs remains a major clinical challenge for ovarian cancer treatment. The limitations of clinical chemotherapy have been ascribed primarily to mechanisms that mediate drug resistance at the cellular level (30) . Previous studies suggest that tumor cells have the ability to regulate genes that help to export, decrease uptake, or increase the metabolism of chemotherapeutic drugs. Newer data also suggest that interactions between tumor cells and the surrounding microenvironment allow for increased resistance of tumor cells to chemotherapy (31) . It has been observed that although 40-60% of patients achieve a complete clinical response to first-line chemotherapy treatment ~50% of these patients relapse within 5 years and only 10-15% of patients presenting with advanced stage disease achieve long-term remission (32) . It is hypothesized that the high relapse rate is, at least in part, due to resistance to chemotherapy, which may be inherent or acquired by altered gene expression. The patient response to chemotherapy for ovarian cancer is extremely heterogeneous and there are currently no tools to aid the prediction of sensitivity or resistance to chemotherapy and allow treatment stratification (8) . Such a tool may markedly improve patient survival by identifying the most appropriate treatment on a patient-specific basis. A clinically applicable gene signature capable of predicting patient response to chemotherapy has not yet been identified. Research into a predictive model, as opposed to a prognostic model, may be highly beneficial and aid the identification of the most suitable treatment for patients. Although it has not yet been accomplished, progress within the field suggests that the development of a predictive model is possible (8) . There is considerable variability between the approaches and success of existing studies in the literature, and there have been high levels of variation in the explanatory genes identified (13) . The present study hypothesizes that, if more attention is paid to selecting the patients included, to control for treatment history, these gene signatures may be simplified and models that are able to predict the response to treatment may be developed. Targeting molecular signatures, as well as signal transduction pathways for tumor sensitivity and resistance is essential for treatment and improving overall survival in patients with ovarian cancer (33) . At present, an efficient molecular diagnostics for patients has not been established. The major goal of the present study was to reveal molecular hallmarks associated with, or even responsible for, the response of a patient to standard treatment. This knowledge facilitates the design and implementation of new therapies based on the genetic defect type. The identification of molecular signatures associated with chemo-response is a recent area of investigation. In ovarian adenocarcinoma, the OncoScan microarray technology has been performed to find genetic markers and locations that would be relevant in the prediction of response to chemotherapy. The OncoScan assay is efficient for the analysis of FFPE samples (14) .
For the purposes of the present study, patients were divided into two categories, according to responsiveness to chemotherapy. In microarray analysis, the distribution of specific genetic factors between patients was compared. Significant variances in the occurrence of rearrangements were detected for both amplifications (gains) and deletions (losses). Deletions were more frequent in patients showing chemoresistance (14 losses) than in patients presenting with chemosensitivity (1 loss). However, none of the deletions were present in both patients in the same group. This discrepancy between the two patients in each cohort shows a high genetic heterogeneity of tumors. Detailed mapping data also revealed information on the LOH. The LOH phenomenon is of particular importance since it enables the tracing of loss of the normal alleles of tumor suppressor genes, to determine the tumor phenotype. Therefore, locations presenting high frequency of LOH are attractive candidates for harboring tumor suppressor mutations. In the present study, similar amounts of LOH were present in the two cohorts. In addition, the majority of the samples showed LOH at several loci. Numerous loci with LOH were common between the two cohorts. However, certain LOH were typical for patients with resistance to chemotherapy or patients presenting with chemosensitivity. Regions of typical LOH for chemosensitivity were located on chromosomes 4 (p16.3, q11) and 6 (p25.3) in the present study, whereas LOH associated with loci 3p21.3, 3p26.3, 6q23.3 and 11q14.1 were found exclusively in the chemoresistant cases.
The assessment of LOH in EOC focused on the role of genes located on the short arm of chromosome 3 (3p) in the development of disease. Deletions in regions 3p21.3 and 3p26.3 are common for such cases (34) .
LOH in 6q23.3 affects the genes MYB, TNFAIP3 and ECT2 L. Only TNFAIP3 has been implicated in the inhibition of programmed cell death is and suggested to be a tumor suppressor gene (35) . At present, the function the remaining genes is not associated with the pathogenesis of ovarian cancer. Furthermore, Shridhar et al (36) reported that deletion of the 6q23.3 region, which commonly presents LOH in ovarian cancer.
Notably, the commonly mutated genes for EOC, namely: CDH1; PRKN; BRCA1/2; and AKT1 were not identified in the present study. However, in patient 4, who showed chemotherapy resistance, a somatic PIK3CA mutation was identified. Mutation in this gene has been previously associated with ovarian cancer (37) . Certain studies have confirmed that the PIK3CA/Akt/mammalian target of rapamycin pathway is commonly dysregulated in ovarian cancers (38, 39) .
Chemotherapy response in ovarian cancer is a complex and unpredictable process that determines the course of the disease. In the present study, genetic regions associated with ovarian cancer that may play an important role in the context of treatment response were identified. However, additional studies on a larger cohort of patients are required, in order to reveal crucial pathways and molecular determinants that directly influence the disease course and its aggressiveness.
